A monoclonal antibody (MAbIII604) specific to phenolic glycolipid Th (PGL-Th), a Mycobacterium tuberculosis-specific antigen, was produced and used in the detection of the antigen. MAbI604 reacted with the PGL-Th antigen but not with other phenolic glycolipids from Mycobacterium leprae, M. bovis, and M. kansasii, thus indicating the specificity of the monoclonal antibody to PGL-Th. A dot enzyme-linked immunosorbent assay with MAbUI604 was employed to detect the PGL-Th antigen in lipids purified from M. tuberculosis clinical isolates. Of 50 isolates, 32 (64.0%o) showed clear evidence of the PGL-Th antigen by the dot enzyme-linked immunosorbent assay, but there were marked variations in the intensities and sizes of spots. This suggests differences in PGL-Th antigen production among M. tuberculosis strains even when they are grown in the same culture media and conditions. This was most evident from the fact that in only eight (16.0%o) of the isolates examined was the PGL-Th antigen detectable by thin-layer chromatography, which is much less sensitive for the detection of glycolipid antigens. This study shows that monoclonal antibodies specific to PGL-Th are useful in detecting the antigen in lipid extracts and that there is a marked variation in the PGL-Th production among M. tuberculosis clinical isolates.
Isolation and characterization of phenolic glycolipid Th (PGL-Th), a Mycobacterium tuberculosis-specific antigen (10) , has quickly attracted attention for use of the antigen in the serodiagnosis of tuberculosis and for understanding the pathogenesis of tuberculosis. However, the rates of seropositive response to the antigen among tuberculosis patients varied from about 20% to more than 95% in different studies (5, 9, 27, 28) . There were also conflicting reports on PGL-Th production in clinical isolates of M. tuberculosis. In one study, PGL-Th was detectable in all clinical isolates by an enzyme immunoassay (24) ; in another study, however, only about 9% of isolates produced an antigen that was detectable by thin-layer chromatography (TLC) (9) . Since the studies examined only a few clinical isolates and employed different tools for detecting the PGL-Th antigen, we were interested in investigating a larger number of M. tuberculosis clinical isolates for the production of the antigen by an enzyme immunoassay and TLC. For enzyme immunoassays, monoclonal antibodies to PGL-Th provide a great advantage in the specific detection of the antigen.
Monoclonal antibodies against numerous antigens of M. tuberculosis have been produced (11, 17, 20, 23) and used for the cloning and characterization of the genes responsible for expression of the antigens (1, 2, 18, 26, 29) . Some of the M. tuberculosis-specific monoclonal antibodies were to detect antibodies specific to epitopes present only in tubercle bacilli for the serodiagnosis of tuberculosis by competitive immunoassays (14, 15) . In addition, monoclonal antibodies to phenolic glycolipid I (PGL-I) of Mycobacterium leprae were used to detect PGL-I antigen (31, 32) and to study the role of the antigen in the pathogenesis of M. leprae infection (22) . isotypes of the monoclonal antibodies determined with a commercially available isotyping kit (Hyclone Laboratories, Inc., Logan, Utah).
ELISA. The enzyme-linked immunosorbent assay (ELISA) described by Voller et al. (30) , with the minor modifications reported previously (8, 9) , was used. Briefly, 50 ,ul of PGL-Th antigen dissolved (5 ,ug/ml) in ethanol was added to wells of 96-well U-bottom microtiter plates (Dynatech Laboratories, Inc., Alexandria, Va.) and incubated at room temperature until complete evaporation. Peroxidase-conjugated anti-mouse immunoglobulins (immunoglobulin G [IgG] plus IgA plus IgM or IgG alone) and a substrate solution (o-phenylenediamine-H202) were employed in the assay, and the A490 was read. Each test was performed in duplicate, and the A490 of the wells without antigen were subtracted from those of wells with PGL-Th before analysis. The concentrations of other antigens were 5.0 ,g/ml for mycoside A, mycoside B, and GPL core and 0.2 ug/ml for LAM.
Purification of lipid from M. tuberculosis and TLC analysis. M. tuberculosis clinical isolates from tuberculosis patients at the chest clinic at Yonsei Medical Center were grown on the surface of Sauton medium (50 ml in a 75-cm2 tissue culture flask) for 4 to 6 weeks, heat killed, and harvested by centrifugation. The whole cells were washed twice by centrifugation with phosphate-buffered saline solution (pH 7.2) and lyophilized. Lipids were extracted from about 100 mg of each M. tuberculosis isolate with the CHCl3-CH30H (2:1) (30 ml/g of dry weight) at 50°C for 48 h and dried under an N2 flow. The lipid extracts were washed with 3.5 ml of CHCl3-CH30H-H20 (4:2:1), and the organic phase was collected and dried under N2. The mean weight of lipids at this stage was 11.9 mg (standard deviation, 1.7 mg). The washed lipid samples were divided in half and processed separately for TLC and dot ELISA. For purification, each lipid dissolved in CHCl3 was applied to a florisil (60-to 100-mesh) column (Sigma Chemical Co., St. Louis, Mo.) prepared in a pasteur pipette (bed volume, 2 ml) and eluted with 2 bed volumes of chloroform, chloroform-methanol (19:1, vol/vol), and then chloroform-methanol (9:1, vol/vol). The lipid fraction eluted with 5% (vol/vol) CH30H in CHCl3 was then examined by TLC and dot ELISA as described below. The glycolipid spot was visualized with a 10% H2SO4 spray. The residual lipids after TLC analysis were hydrolyzed and examined for the presence of the specific sugars of the PGL-Th antigen as described previously (10) . Dot ELISA with monoclonal antibodies. The dot ELISA described by Hawkes et al. (12) , with the minor modification reported previously (6), was employed. The purified lipid fractions from each M. tuberculosis isolate were dissolved in 100 pl of hexane, and 5-pl portion were applied to a Tuifryn (polysulfone) membrane (HT-200; Gelman Sciences, Inc., Ann Arbor, Mich.). A monoclonal antibody specific to PGL-Th produced in this study was used as the primary antibody, and peroxidase-conjugated goat anti-mouse IgG (Cooper Biomedical, Inc., Malvern, Pa.) was used as the secondary antibody. The results were read visually. serum were examined for reactivity with the antigen by ELISA. Only anti-PGL-Th monoclonal antibody showed a dose response-curve of seroreactivity with the PGL-Th antigen ( Fig. 1) , thus indicating that the culture soup contained monoclonal antibodies to the antigen.
In the next experiment, the MAbIII604 was investigated for reactivity with phenolic glycolipids from M. leprae (PGL-I), M. bovis (mycoside B), M. kansasii (mycoside A), and with the GPL core of M. avium complex to examine the specificity of the monoclonal antibodies by ELISA. MAbIII604 reacted mainly with the PGL-Th antigen and showed little reactivity with other phenolic glycolipids and the GPL core (Fig. 2) . This suggests that MAbIII604 is specific to the PGL-Th antigen. The specificity of MAbIII604 to the PGL-Th antigen also became clear in the dot ELISA, in which reactivity with the antigen was shown only with PGL-Tb (Fig. 3) .
Detection of the PGL-Th antigen by using MAbM6O4. A dot ELISA with MAbIII604 was employed to detect the PGL-Th antigen in lipid fractions of M. tuberculosis clinical isolates. To determine the sensitivity of the dot ELISA with MAbIII604, purified PGL-Tb was diluted from 10 ,ug/ml to 100 ng/ml in hexane containing 100 p,g of cholesterol per ml as an accompanying nonspecific lipid, because it was assumed that the lipid eluents from the florisil column contained at least 100 pg of other lipids besides PGL-Th. PGL-Th at a concentration of 500 ng/ml was detected by the dot ELISA in repeated tests; 250 ng of PGL-Th per ml gave a doubtful result (Fig. 4A) . Since only 5 ,ul per dot was applied, the absolute amount of the PGL-Th antigen in a spot was 2.5 ng. Without the cholesterol supplement in the hexane diluent, a higher concentration of PGL-Th antigens (about 10 times) was required to test positive in the dot ELISA (data not shown). Figure 4B shows the dot-ELISA results for lipids eluted with 5% CH30H-CHCl3 from 50 M. tuberculosis isolates.
Interestingly, there was a marked variation in the intensities and sizes of spots, indicating differences in PGL-Th antigen As expected, all of the isolates that gave a positive TLC result showed a strong (+ + +) reactivity in the dot ELISA ( Table 1) . Some of the TLC patterns are shown in Fig. 5 . Therefore, the dot ELISA with MAbIII604 was much more sensitive than the conventional TLC method in detecting PGL-Th antigen from lipid extracts. In an experiment to determine the sensitivity, TLC gave a positive result with a sample 250 ng (data not shown), thus indicating that the dot ELISA with MAbIII604 is about 100 times more sensitive than TLC in detecting the PGL-Th antigen. (4) . For example, the carbohydrate determinant of the PGL-Th antigen is 2,3,4-Me3Fuc-Rha-2-O-MeRha (10) , and that of 3,6-0-Me2 Glc-2,3-O-Me2Rha-3-O-MeRha (13) . The nature of the terminal sugar residues and the positions of 0 methylation at rhamnose residues determine the species specificities of the two phenolic glycolipids. This was supported by our findings that PGL-Th antigen reacted with MAbIII604 but not with monoclonal antibodies to PGL-I. The specific reactivity of MAbIII604 with PGL-Th and no significant reactivity with phenolic glycolipids from other Mycobacterium species confirmed that MAbIII604 was reactive to the carbohydrate immunodeterminant of the PGL-Th antigen. Therefore, it may be safe to assume that glycolipids reacting with MAbIII604 in the dot ELISA contain the sugar determinant of PGL-Th.
Interestingly, there were marked variations in the PGL-Th contents in lipid fractions from different isolates. The significance of the differences among the PGL-Th antigen production levels of M. tuberculosis clinical isolates is not known. The PGL-Th antigen was originally isolated from the Canetti strain of M. tuberculosis (10) and was not detectable in lipids from M. tuberculosis H37Rv (24) . When rabbit polyclonal anti-PGL-Tb antibodies were used to detect the antigen by ELISA, all of the clinical isolates of M. tuberculosis produced the antigen, although in different relative quantities (24) . However, the PGL-Th antigen was detectable in only 1 (9.1%) of 11 isolates by TLC, although the oligoside was present in two other isolates (9) . The different results in the two studies might be due mainly to differences in the sensitivities of the enzyme immunoassays and TLC in detecting the PGL-Th antigen.
In this study, only 8 (16%) of the 50 clinical isolates of M. tuberculosis showed evidence of PGL-Th by TLC; this roughly matched the proportion (20%) of isolates whose lipids showed strong (+ + +) reactivity with MAbIII604 in the dot ELISA (Table 1 ). In another 40% of the isolates, the PGL-Th antigen was positively identified by the dot ELISA with the monoclonal antibodies but not by TLC. From this study with a larger number of isolates, therefore, it becomes more evident that there are marked differences in PGL-Th production levels among M. tuberculosis strains. Interestingly, the production of the PGL-Th antigen at a relatively higher level in about 20% of M. tuberculosis clinical isolates coincided with the prevalence (about 20%) of anti-PGL-Th IgM antibodies among tuberculosis patients (9) . The correlation between anti-PGL-Th antibody response and the PGL-Th antigen production level of the isolate from the same patient is currently under investigation.
In nearly 40% of clinical isolates in this study, the dot ELISA results were ambiguous, mainly because of the subjective visual reading of the results. Most of these isolates seemed to have some deposit of blue color but were not dark enough to be considered a definite positive reaction. This might imply that the dot ELISA using MAbIII604 was not sensitive enough to detect the PGL-Th antigen in the lipids, because the lipids were purified only from 100 mg (dry weight) of whole cells for each isolate. Recently, it was reported that all 14 clinical isolates had PGL-Th detectable by dot-ELISA when rabbit polyclonal antibodies to the antigen were used (25) . In that study, however, 10 g (wet weight) of whole cells from each strain was used and about 10 ng of purified PGL-Th antigen per spot was required to give a positive result in the dot ELISA with polyclonal antibodies. Since 2.5 to 5.0 ng of PGL-Th per spot was detectable in our study, MAbIII604 was comparable to rabbit polyclonal antibodies in detecting the PGL-Th antigen in the dot ELISA. Therefore, to detect the PGL-Th antigen from all clinical isolates, it may be necessary to purify lipids from larger amounts of whole cells than those used in this study.
Although the dot ELISA with MAbIII604 provided a qualitative analysis, this study showed clear evidence of marked variations in the ability to produce the PGL-Th antigen. Differences in the amounts of PGL-Th produced by different clinical isolates were also found with an ELISA (24) and a dot ELISA (25) when rabbit polyclonal antibodies to the antigen were used. To date, little is known about the exact mechanism of the variation in PGL-Th production level among M. tuberculosis clinical isolates. It is not fully understood how the PGL-Th antigen production is stable in different culture media and conditions and is reproducible after repeated subculture. To minimize such confounding factors in this study, only clinical isolates that were passed in an egg-based medium a maximum of two times were grown on the surface of the Sauton medium.
The variation in PGL-Th antigen levels among clinical isolates of M. tuberculosis might be due to differences in efficiency of lipid extraction from lyophilized whole cells. In this study, the mean weight of lipid extracts after two-phase washing was 11.9 mg and ranged from 9 to 15 mg. This difference in lipid amount was not remarkable given the dot ELISA results between isolates, thus indicating that the ability to produce PGL-Th varies among clinical isolates. In a previous study, mycoside B was detectable in 35 (92.1%) of 38 field isolates of M. bovis, and three strains did not produce the antigen when TLC was used to detect the antigen (16) ; no explanation was given for the absence of mycoside B in three isolates.
The permanent loss of PGL-Th production in M. tuberculosis H37Rv might be due to genetic variation. This was partially supported by our previous study (21) , in which it was shown that a 13-kb DNA fragment was present in clinical isolates producing the PGL-Th antigen but not in M. tuberculosis H37Rv and M. bovis. Cloning and expression of the genes responsible for the biosynthesis of the PGL-Th antigen may help explain the differences in antigen production level among M. tuberculosis clinical isolates. Therefore, the monoclonal antibody to the PGL-Th antigen produced in this study will be useful in related studies in the future.
